Gaucher disease results, in most patients, from mutations in the gene encoding glucocerebrosidase. Mutation D409H is the third most frequent in Spanish patients, accounting for 5.7% of all mutated alleles. This allele is associated mainly with the neurological forms of the disease. Recently, homozygosity for the D409H mutation has been associated with a particular phenotype, including specific cardiovascular symptoms. Here we report a second Spanish patient bearing the D409H/ D409H genotype with a very early manifestation of the disease. The patient started enzyme replacement therapy at 3 months of age. A common origin for the Spanish D409H alleles was ruled out by haplotype analysis using an internal polymorphism of the glucocerebrosidase gene and two external microsatellite markers.
Gaucher disease (GD) is a clinically heterogeneous sphingolipidosis caused mainly by mutations in the gene encoding lysosomal glucocerebrosidase (GBA). Mutations in the GBA gene may be classified as lethal, severe, or mild on the basis of the severity of their phenotypic effect.' A genotype-phenotype correlation has been established for the most common mutations, such as N370S (1226A->G) with a nonneuronopathic phenotype or L444P
(1448T-*C) with a severe phenotype.2 Recently, homozygosity for the D409H mutation
(1 342G-*C) has been associated with a unique form of type 3 Gaucher disease in patients with origins as diverse as Spanish,3 Arab, 4 British/German,5 and Japanese.6 They all had oculomotor apraxia and a devastating valvular heart disease. Common manifestations of GD were not evident and minimal visceral organomegaly, or even absence, was reported in most patients. Corneal opacity was also mentioned in the Spanish, Arab, and Japanese patients while some other features, such as sensorineural deafness, hernia, and deformed toes, found in patients with mucopolysaccharidosis or glycoprotein disorders, were only observed in the Japanese caEzs. In total, only six unrelated patients with the confirmed D409H/D409H genotype have been described.'-6 We now report a second Spanish patient homozygous for the D409H mutation with a very early manifestation of GD, presenting exclusively with massive hepatosplenomegaly. D409H is the third most common mutation in the Spanish GD population7 and we have identified six unrelated families bearing this mutation. Although a common origin for all D409H alleles was ruled out because of the association with both the "+" and "-" internal haplotypes,5 8 we carried out haplotype analyses using highly informative flanking markers9 to evaluate the degree of recurrence of this mutation.
Case report
The patient, now 13 months old, was admitted to hospital at the age of 6 days because of respiratory distress. Hepatosplenomegaly was then detected (spleen 3-3.5 cm and liver 1.5-2 cm below the costal margin). X rays of the chest, bone metaphyses, and skull were normal. Multiple haemorrhages in the retina were observed. The patient was readmitted at the age of 1.5 months because of massive hepatosplenomegaly (spleen 7 cm and liver 5 cm below the costal margin) with abdominal colic pains. Serology was negative. Blood counts (haemoglobin, haematocrit, red blood cells) were just below normal values. Chitotriosidase activity was raised (1467 nmol/h x ml, controls 31.6 (SD 17.2)). The blood clotting parameters were normal as well as a bone marrow aspirate. Neurological evaluation (electroencephalography, brain auditory evoked response, and CT of the brain) was normal.
Acid ,B-glucosidase activity was decreased to 23% (leucocytes) and 3.8% (fibroblasts) of controls. Urine samples were not available.
The patient started enzyme replacement therapy with Alglucerase (Ceredaseg) at 3 months of age. At the age of 13 months neurological examination and ocular motility were normal. Echocardiography was also normal. Hepatomegaly was drastically reduced and the spleen was 3 cm below the costal margin.
Mutation analysis Genomic DNA amplification by PCR and SSCP analyses were performed as previously described."' The presence of an altered pattern similar to that found in our previous case3 and subsequent confirmation by sequencing showed that the patient is homozygous for the D409H mutation. Both parents are heterozygous for this mutation. The parents are not consanguineous and are from a different region of Spain from the previously reported family. A prenatal diagnosis was recently requested by this family. Deficiency of acid f-glucosidase activity and homozygosity for mutation D409H suggested an affected fetus. The pregnancy was terminated and the diagnosis of Gaucher disease was confirmed in the fetal tissue.
Haplotype analysis on chromosomes bearing the D409H mutation Haplotype analysis was carried out on eight alleles bearing D409H, including the case reported here (patient 1), a previously undescribed patient (patient 6), and four other patients reported elsewhere' 8 ( The association of D409H with either the "+" or the "-" variants of the 6144A-4G polymorphism was studied. Phase was established either by genotyping the parents or by cloning a DNA fragment containing both the mutation and the polymorphic site. Results of the analysis of the HhaI polymorphism for some of these patients have been previously presented.8 Only one of the alleles was associated with the "+" allele while seven were associated with the "-" allele of the internal polymorphism (table 1) .
Two external microsatellite markers, D1S2140 and D1S2624, known to be at 0 and 1.6 cM respectively from the GBA gene9 were used to genotype the eight D409H chromosomes. These markers belong to Discussion A very limited number of patients homozygous for mutation D409H have been reported so far. The patient described here was diagnosed at 1.5 months of age because of massive hepatosplenomegaly. Despite the early presentation of the disease, the absence of neurological signs ruled out the acute, infantile form of GD. Characteristic findings in patients bearing the D409H/D409H genotype, such as ophthalmoplegia and cardiovascular abnormalities, were not noticed in our patient, probably because of the young age. Ophthalmoplegia had been noticed in early childhood in some patients homozygous for mutation D409H4 6 while in others gaze palsy started at 15-16 years of age.'
In these patients, cardiac involvement consisting of valvular calcifications was also apparent in late childhood.'
The patients of Japanese origin6 provide the most atypical clinical picture as they present a combination of clinical signs which appear just as isolated features in some patients of other origins. The massive visceromegaly of the patient reported here, absent in the Japanese patients and moderate in other cases, increases the range of heterogeneity in patients with the D409H/D409H genotype.
To date, there have been no published data on a patient with this genotype receiving enzyme replacement therapy. The case reported, now at the age of 13 months and after 10 months of treatment, shows no signs of cardiac involvement. As expected, the splenomegaly and hepatomegaly have been reduced and the patient shows a normal haemogram. If the patient does not present cardiac disease later in life, as did all the other D409H/D409H patients previously reported, it will be difficult to assess if this is because of the early treatment or phenotypic heterogeneity. It should be noted that reversible cardiomyopathy with enzyme replacement therapy has recently been reported in a 5 year old patient with type 1 GD. '4 For haplotype analysis, five other patients were analysed, including one previously undescribed (patient 6). This patient is a 47 year old type 1 woman who bears genotype D409H/ G377S (1246G->A). This is the first description of mutation G377S in the Spanish population. Interestingly, it is the third most prevalent mutation in Portugal."
In order to determine whether mutation D409H was present by descent from a single origin or the result of independent mutational events, we carried out haplotype analysis using one of the internal polymorphisms of the GBA gene and two external but very close markers on the eight alleles found in the Spanish population. The analysis of the internal polymorphism showed that only one D409H allele was associated with the "+" allele while the rest were associated with the "-"allele, as previously determined,8 with some of the samples. This ruled out a single origin for the Spanish D409H mutation, but a founder effect for the seven chromosomes bearing the "-" allele of the HhaI internal polymorphism could not be excluded. However, the analysis of the highly polymorphic markers D1 S2140 and D 1 S2624, known to be at 0 and 1.6 cM respectively from the GBA gene,9 showed that the D409H mutations are associated with different haplotypes. Only haplotype D409H-1-4 appeared in two different patients (table 1) . The two chromosomes of patient 2 showed the same haplotype, suggesting consanguinity, although the family was not aware of this. The lack of association between D409H and the markers indicate that D409H is a recurrent mutation. As the site of the mutation is not a CpG dinucleotide, known to be a mutational hot spot, and as it is present in the pseudogene, gene conversion events could explain this recurrence.
